The present study was conducted to evaluate the quality characteristics of functional restructured spent hen meat slices developed by utilizing different binders and extenders. Potato, texturized soy protein, whey protein concentrate, oat meal and barley flour were utilized in different combinations to get three different blends viz. A, B and C. These were used to replace the lean meat in pre-standardized formulation of restructured spent hen meat slices (RSHMS). Hardness, gumminess and chewiness of RSHMS with blend C was significantly higher (P < 0.05) than blend A and B. RSHMS with blend C had significantly (P < 0.01) higher dietary fiber, iron, copper, zinc contents and lower cholesterol content as compared to the control. On the basis of above findings, the product with blend C was adjudged as the most acceptable and was adopted as functional restructured spent hen meat slices.
Introduction
The poultry sector has made a tremendous progress and emerged out as an organized, scientific and one of the fastest growing sector of livestock economy. Poultry meat is the fastest growing component of world meat demand. Large stride in and strong reducing capacity. Swelling capacity, gel formation and water-binding capacity make it useful in a variety of food (FuentesZaragoza et al., 2010) . Soy proteins are good quality proteins and have many health-enhancing properties. Texturized soy protein provides a meat-like texture that contributes to mouthfeel (Egbert and Borders, 2006) . Important functional properties of soy protein in food systems are gelling or textural capabilities, water absorption, elasticity and color control (Singh et al., 2008) . Soy has been reported to be useful in prevention and treatment of cancer, osteoporosis and in the relief of menopausal symptoms (Halsted, 2003) . Soy protein has been used as a functional ingredient in various FOSHU (food for specified health uses) meat products such as low-fat sausage and reported to be beneficial in maintaining acceptable blood cholesterol level (Arihara, 2004) . Whey proteins are being widely used in meat and poultry products as binding, extending and texture modifying agents. The ability of whey proteins to form three dimensional gel structure to improve texture and water binding is very useful. Whey proteins contain all essential amino acids and are one of the best sources of branched amino acids, especially leucine and are continuously being used as a functional ingredient (Ohr, 2012) .
Foods with high dietary fibers have multiple health benefits as
it stimulates the proliferation of intestinal flora, trapping mutagenic and carcinogenic substances and decreases time of intestinal transit.
Regular intake of 20-35 gm of dietary fiber controls blood pressure, reduces cholesterol and glucose levels in the blood, causes weight loss and improves immunity (Anderson et al., 2009; Dhingra et al., 2012) . The meat is devoid of dietary fiber and supplementation of meat products with soluble and insoluble fiber is an effective way to address health issues.
Barley (Hordeum vulgare) and Oat (Avena sativa) are excellent source of dietary fiber and other bioactive constituents. Different physiological effects of β-glucan in isolated form or as a constituent of oat and barley products are related to attenuation of post-prandial plasma glucose and insulin responses, higher transport of bile acids towards lower parts of the intestinal tract and higher excretions of bile acids or lowering of serum cholesterol levels. (Lyly et al., 2007) . Oats contain 55% soluble fibre (β-glucan) and 45% insoluble fibre, besides many phytochemicals, phenolics and ligans, which are converted to enterolactone in intestines and provide protection against heart problems and liver damage by taxol (Karaduman et al., 2010) .
There has been a general increase in the health consensus among the people and demand for quality healthy food with low fat, high fiber and protein at affordable price has increased.
Blending of high nutrient foods with phytochemicals provides one of the most viable functional food strategies. Spent meat is available in plenty and its conversion into a high quality functional food is an excellent alternative to provide healthy quality food. The present study was conducted to develop functional restructured spent hen meat slices by partial addition of standardized blend of potato, texturized soy protein, whey protein concentrate, oat meal and barley flour. Gupta et al. (2015) . Briefly, spent hen meat was cut manually into small chunks of 1-1.5 cm 3 and massaged in paddle mixer along with 
Materials and Methods

Sources of raw materials
.
Cooking yield
Cooking yield was calculated and expressed in percentage by the following formula.
Cooking Yield (%) =
Weight of cooked restructured spent hen meat slices Weight of raw dough x 100
Texture profile analysis The textural properties were evaluated by using texture profile analyzer as per the method described by Bourne (1978) . Chilled samples were tempered to bring to room temperature and cut into 1 cm 3 . The samples were placed on a platform and compressed by a compression probe (P75) at a crosshead speed of 10 mm/sec through a two cycle sequence, using a 50 kg load cell. Texture profile parameters such as hardness, adhesiveness, springiness, cohesiveness, gumminess and chewiness were analyzed.
Lovibond Tintometer colour values
The colour of restructured spent hen meat slices was measured using Lovibond Tintometer.
The hue and chroma values were determined as described by Little (1975) and Froehlich et al. (1983) respectively. The hue and chroma values were determined using given formula:
where a = red unit and b = yellow unit.
Mineral profile Zinc, manganese, iron and copper were estimated using Atomic Absorption Spectrophotometer while sodium and potassium was estimated using Flame photometer.
Total cholesterol Lipid of restructured spent hen meat slices
was extracted by method of Folch et al. (1957) and the cholesterol content was determined as per Sabir et al. (2003) . 200 μL of lipid extract was taken in the test tube. 2 mL chloroform and 2 mL Liberman-Burchard reagent was added in test tube. The test tube was covered and kept in dark for 15 minutes. Blank was prepared using 200 μL of chloroform instead of lipid extract and treated in similar fashion. The optimal density was measured at 640 nm in a spectrophotometer to determine cholesterol content.
Dietary fiber Total dietary fiber of restructured spent hen meat
slices was determined by the enzymatic method as described by Furda (1981) . Defatted sample (2 g) was dispersed in 200 mL of 0.005N HCl and boiled for 20 minutes. The suspension was cooled to 60℃, 0.3 g disodium EDTA was added and pH was adjusted to 6.0-6.3 with 0.005 N NaOH. 12 mL phosphate buffer (pH 6.0-6.5) was added and the interaction was continued for 40 minutes at 60℃ to ensure interaction of pectin with minimum degradation.
The suspension was then cooled to 20-30℃ before incubating over night with 10 mg of bacterial α-amylase and 10 mg of bacterial protease by slow stirring with magnetic bar. The suspension was filtered through a coarse tared Gooch filtering crucible containing glass wool and the residue was washed with small amount of water, alcohol and acetone before being dried in vacuum oven at 70℃ for overnight. The filtrate was acidified with a few drops of conc. HCl to bring the pH to 2-3 and four volumes of ethanol were added slowly and the suspension was kept as such for about one hour.
The precipitate was filtered through a Gooch crucible containing glass wool and then washed with 75% ethanol, absolute ethanol and acetone before drying at 70℃ in a vacuum oven overnight.
The residue was weighed to determine the dietary fiber content. 
Sensory evaluation
Results and Discussion
The physico-chemical properties of restructured spent hen meat slices (RSHMS) with different binder/extender blends and control are presented in Table 2 . The cooking yield of RSHMS with blends A, B and C was significantly higher (P < 0.05) than that of control, which might be attributed to the gelatinizing property of starch imparted by synergistic action of potato, barley flour and oat meal.
The pH of RSHMS with blends B and C was significantly higher Moisture to protein ratio of RSHMS with blend A was significantly higher (P < 0.05) than control. This might be due to the higher proportion of barley flour, oat meal and potato, which are low in protein and high in carbohydrate.
Mean sensory scores of restructured spent hen meat slices with different blends of binders and extenders are presented in Table 3 .
The mean scores for the general appearance of product with blend C was significantly higher (P < 0.05) than control. RSHMS with blend C had uniformity in colour and received better evaluation than those with blends A and B. Flavour scores of RSHMS with blends A and B were significantly lower (P < 0.05) than control, however flavour score of product with blend C was comparable to control. The reduction in flavour scores might be due to the dilution of meaty flavour as a result of the replacement of lean meat at 18-20% level by different combination of binders and extenders.
Earlier, Allen et al. (1999) have also reported that oat fibres delay the release of some of the flavour volatiles from low fat frankfurters.
Texture score of restructured spent hen meat slices with blend A was significantly lower (P < 0.05) than control, which might be attributed to the softening of products due to higher level of barley flour, oat meal and potato. There was no significant difference in binding and juiciness scores of control and RSHMS with different blends, however, a marginal increase in the binding scores and marginal decrease in juiciness scores of different blend products was observed as compared to control. The findings were in accordance with the earlier reports of Bushway et al. (1982) and Chang and Carpenter (1997) , who also reported that addition of oat bran and potato starch decreases juiciness of frankfurters. Overall acceptability scores of products with blends A and B were significantly lower (P < 0.05) than control, while that of blend product C was quite comparable to control and had very good rating. It might be due to better flavour and texture scores as compared to products with blends A and B, since overall acceptability is the reflection of other sensory attributes.
Texture profile analysis of the control and restructured spent hen meat slices with different blends of binders and extenders has been presented in Table 4 . Hardness of products with blend A and B were significantly lower (P < 0.05) than control and blend C. It might be due to the higher content of beta glucan in barley and oat (Steenblock et al., 2001; Sharma and Kotari, 2017) . Similarly, Alveraz and Barbut (2013) also reported reduction in the hardness (1996) developed a low fat, low sodium restructured beef steaks using potato starch, oat starch, carrageenan gum and a mixture of all three and found that all the products were softer as compared to control. Blends of tapioca starch, oat fiber and whey protein produced a more tender meat product (Troy et al., 1999) . There was no significant difference in the adhesiveness of products with different blends as well as control. Nowak et al. (2007) reported that the adhesiveness of less than −0.1 Ns results in better acceptability and proper slicing in cooked meat products like mortadella and bologna. Springiness of RSHMS with blend A was significantly lower (P < 0.05) than control and products with blends B as well as C, however, it was comparable among the later two.
Decrease in springiness might be attributed to the compact binding nature of starch, which reduces elasticity of the products. It means that the binding of meat blocks is compact in the presence of polysaccharide starch. Gels formed with polysaccharides favor the formation of a more compact and stronger heat induced protein matrix (Carballo et al., 1996) . Cohesiveness of RSHMS with blends B was significantly lower (P < 0.05) than that of control and product with blend A and C. Reduction in cohesiveness might be due to the pasting behaviour of starch mainly contributed by potato, Hence, on the basis of physico-chemical properties, sensory quality, texture profile and colour values, the restructured spent hen meat slices with blend C could be judged as the most acceptable product and it was further analyzed for mineral profile, total cholesterol and dietary fiber contents (Table 6 ). There were significant differences in sodium, iron, zinc and copper content of Means with different superscripts in a row differ significantly (P < 0.05) control and product with blend C, however no significant differences were observed in potassium and manganese content. It might be attributed to replacement of spent hen meat with nonmeat ingredients, which are low in sodium content as compared to meat. Iron, zinc and copper contents were significantly higher (P < 0.05) in product with blend C as compared to control.
Incorporation of different binders and extenders in product with
blend C might have contributed to higher content of these minerals. Dawkins et al. (1999) have reported a significant (P < 0.05) decrease in the sodium content of chevon patties prepared with the addition of oat bran. Simlarly, Chatli (2001) reported a significant increase (P < 0.05) in iron and zinc contents of low fat pork patties incorporated with 5% potato starch and 4% hydrated texturized soy protein.
The cholesterol content of restructured spent hen meat slices with blend C was significantly lower (P < 0.05), whereas the total dietary fiber content was significantly higher (P < 0.05) as compared to the control. It might be due to the replacement of meat with TSP, barley flour, oat meal, potato, spices and condiments, which do not contain cholesterol and high in fiber content. Dietary fiber sources, oat, soybean etc. possess cholesterol-lowering activity (Ellegard and Anderson, 2007; Cho et al., 2008) . Kumar (2013) also reported a significant increase (P < 0.05) in the dietary fiber of functional restructured chicken meat rolls incorporated with 10% barley flour.
Conclusion
The present study revealed that restructured spent hen meat slices prepared with blend C [3% potato (boiled and mashed), 5%
texturized soy protein (1:1 hydration, w/w), 0.4% whey protein concentrate (1:1 hydration, w/w), 3% oat meal (1:1 hydration, w/ w), and 7% barley flour (1:1 hydration, w/w)] was the most acceptable on the basis of physico-chemical properties, sensory evaluation, texture profile and colour values. It had significantly higher dietary fiber, iron, copper, zinc contents and low cholesterol content as compared to the control. Restructured spent hen meat slices prepared with blend C was adopted as functional restructured spent hen meat slices. It can be concluded from the present study that spent hen meat can be converted into a high quality and healthy functional restructured spent hen meat slices. 
